The focus of this paper is to measure customer satisfaction among private individual consumers of mobile telecommunications in Spain and the factors associated with this. Two novelties found in this paper are a focus on individual consumers and the usage of rich data to convey high quality statistical information. Our data allow us to discriminate by operator, region of residence (Autonomous Regions and provinces), gender, age, and educational level, among others. Specifically, we formulate relationships between different aspects of satisfaction and its determinants. We specify econometric models and estimate them using survey data on 4,953 individual consumers. Our results indicate that customers are less satisfied with larger carriers like Movistar and Vodafone, and are more satisfied with smaller and newer operators. We also measure the contribution of each of the aspects of satisfaction to the overall satisfaction by specifying individual equations for each one of them and estimating the importance of each of its determinants. Complaints about billing, difficulty in obtaining the required information and coverage are the major contributors to consumer (dis)satisfaction.
Introduction
The liberalization and re-regulation of telecommunications in many countries since the 1980s has been regarded as successful in many accounts. The main focus has been to regulate the relationships between competing firms, between regulators and firms, and between the regulators themselves.
The explicit aim of these regulations was to improve the welfare of customers, both individuals and firms. However customer complaints are abundant and complaints about mobile telecommunications services are numerous in most industrialized countries (El País, 2012) .
Since telecommunications markets are now more mature it may be time to focus directly on the relationships between firms and customers. Here we focus on individual private consumers. We have found few studies with a similar focus on individual consumers. In Spain, somewhat related studies include those by Álvarez and Caballero (1995) , García Zaballos and Escribano (2002), González et al. (2003) , Herguera (2001) , Jarillo (1995) , Osa (2001) and Soto et al. (2003) , which focus on mobile operators and regulators' perspectives but not on individual consumers.
We also mention the website (http://www.usuariosteleco.es/) of the Ministry of Industry, which is a regulator of telecoms in Spain, and where user complaints are dealt with. A recent survey on the satisfaction of business customers was performed by the Telecomunicaciones, CMT, (2011) , and there is also a survey called "Satisfacción de Usuarios de Servicios de Telecomunicación" by the Spain (2009) , that we use as the main data source in this paper.
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In other countries, and from the point of view of mobile operators, we mention Dedrick et al. (2011) , Lee (2011) , Lescop and Isckia (2010) , Ono and Tang (2010) , Song (2010) , and Zhang and Liang (2011) , among others. They analyze regulation problems, information asymmetries, and competition structures of mobile network services.
Other papers that deal with these topics from the point of view of the industrial organization are Karacuka et al. (2011) , Lam (2010) , and Symeou (2011) , which examines fixed-to-mobile traffic substitution for consumers and price elasticities for the market. In comparison, Davies et al. (2008) , Diehl (2010) , Palcic and Reeves (2010), and Renda (2010) adopt the point of view of the regulator when analyzing access-based competition and investments in new infrastructures.
In this paper we adopt the point of view of individual private consumers, rather than business consumers because, in general, the latter's behavior differs from that of individual consumers and a unified treatment would not be useful. We intend to analyze individual satisfaction and its determinants of residential consumers of mobile services.
Given that satisfaction is related to quality, it should de defined before studying consumer satisfaction. Quality has many different definitions and no one is universally accepted (Hardie and Walsh, 1994) . Service quality is defined in Parasuraman et al. (1985) as the discrepancy between a customer's expectation of a service and the customer's perception of the service offerings. They propose SERVQUAL, a model designed to measure service quality according to ten different dimensions of quality. Ladhari (2009) recommends to adapt the model to the specifics or the service being measured in order to ensure valid and reliable results, which is what we do here using the measurements of satisfaction provided by our survey. In this paper we go one step further by focusing on analyzing the determinants of satisfaction by individual customers.
The rest of the paper is organized as follows: section 2 contains the description of the data; section 3 includes different equations of customer satisfaction. Section 4 presents 4 several equations related to consumer satisfaction and complaints, while section 5 concludes.
The Data.
In order to analyze the satisfaction of consumers, we will use a representative survey for the entire country with data on 4,953 individual consumers: "Satisfacción de Usuarios de servicios de telecomunicación", conducted by the Centro de Investigaciones Sociológicas of Spain (CIS, 2009 ). The center is an official government body that produces high-quality statistics that are well-suited to our analysis. The CIS micro-data have been made available through the Internet. Although this is the first time that it's been used, the basic tabulation of the results is available on the CIS website. The survey is about individual private consumer satisfaction and includes questions about sociodemographics, different operators, satisfaction with fixed and mobile telephony, Internet, complaint resolutions, etc.
The data are representative nationwide, by province and Autonomous Community and also by gender, age and major telecommunications carrier, thus making them appropriate for the analysis that we perform in our research. There is an alternative source of data for quality, from the Ministerio de Industria (2012), but its reliability is limited since it is elaborated with self reported data.
[Figure 1 goes here]
We can also differentiate by operator, as seen in Figure 1 that shows the respective market shares of Movistar (48.0%), Vodafone (30.3%), Orange (18.7%), Yoigo (1.7%), and Mobile virtual operators (1.3%).
[Figure 2 goes here]
In Figure 2 we observe histograms of 10 measures of satisfaction related to relevant aspects of mobile telephony services. The first panel shows overall satisfaction while the rest correspond respectively to the satisfactions about cost, communication quality, customer care, bill clarity, adequacy of rates, coverage, easy-to-find rates and offers, convenience for acquiring new handsets, and complementary services, respectively. We observe substantial variability across the histograms of each measure of satisfaction.
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While all of them have uni-modal and asymmetric empirical distributions, the modes are generally different, as are the patterns of asymmetry, as seen in Table 1 .
[ This suggests that it may be worthwhile to perform individual analyses for each of one of the measures of satisfaction.
2.b. Scatter plots.
In Figures 3 and 4 , we present some histograms and scatter plots that offer insight into the relationships present in the sample: Overall satisfaction vs. possible determinants such as age, education and expenditure; and Overall satisfaction by operators. Peel et al. (1998) and Papke (1998) . Moreover, Garin et al.
(2012), also use OLS and ordered probit. In this case, as in the previously mentioned cases, the results are similar to those of linear regression in terms of signs and significance of coefficients, and in most cases they obtain substantially similar fits to linear regression.
[ Table 2 goes here]
3.a. Model M0. Overall satisfaction and its components.
We start with a model that relates overall satisfaction to each of its 9 components. It is reasonable to hypothesize that total satisfaction will be related to each of the components of satisfaction, although the relationship includes an error term, since it will not be exact or exhaustive. However, the weight of each of the components on the overall satisfaction is not known a priori. Table 2 summarizes the estimation of the weights (coefficients) of each of the components of overall satisfaction. Since they are measured in the same units (in a scale of 1 to 10), the coefficients and their standard errors can be compared directly.
The equation is estimated by OLS. Then we detect 29 outliers, corresponding to residuals that are larger than 3 standard deviations, and treat them using one dummy variable for each of them. Next, we use White's tests for heteroskedasticity. Upon detecting heteroskedasticity, we re-estimate the covariance matrix of the estimated 7 coefficients using the Eicker-White (Eicker (1967) and White (1980) heteroskedasticity consistent covariance matrix estimator.
In Table 2 We also observe in Table 2 that the operator dummies are insignificant, as can be expected, since the operator effect should be already embedded in each of the components of satisfaction. Also, the dummies for Autonomous Communities are jointly significant: they are used to control the heterogeneity that may be present due to the peculiarities of each specific autonomous community.
3.b. Models M1 to M10. Aspects of satisfaction.
After analyzing the components of overall satisfaction, we proceed to the quantification of the variables that influence the value of each component together with those that determine overall satisfaction, contained in Table 3 . Table 3 considers two groups of determinants of the satisfaction with each aspect.
a. The factors that are influential in the satisfaction of the individual customers with respect to the mobile carriers by their customers. We are referring to a set of dummy variables such as geographical location, age, gender, education, and expenditure, etc.
b. The valuations of each of the operators by their customers, that is, the operator effect.
[ Table 3 goes here] The first column contains the names of the different explanatory variables, which start with the carriers: Movistar, Vodafone, Orange, and VMO (we use Yoigo as a basis for comparison). These are followed by the rest of the socio-economic explanatory variables that have turned out to be significant in at least one of the models. And finally, the selected summary statistics such as the F test of joint significance, the White test for heteroskedasticity, coefficient of determination, and the number of observations.
3.b.1. Model M1. Overall satisfaction and its explanatory variables.
Starting with column M1 in Table 3 , we find that the dependent variable is the overall satisfaction, and then we find the estimated coefficient for Movistar which is -0.42, while the t-statistic -1.81 is below the estimated coefficient, which is significant at 5%
and one side. The interpretation of the coefficient is that, after controlling for all the explanatory variables, being a customer of Movistar makes you essentially 0.42 unhappier on a scale of 1 to 10.
A similar interpretation applies to the coefficients of Vodafone, -0.34 (-1.43) points less satisfied than a customer of Yoigo, and to the customers of Orange, which are -0.46 (-1.92) points less satisfied than with Yoigo. Only the customers of virtual mobile operators are roughly equally satisfied as those of Yoigo, since the estimated coefficient is only -0.024 (-0.07) and insignificant.
The next block of explanatory variables in the model of overall satisfaction, M1, of Table 3 is: minimum monthly consumption, which is insignificant, and if a customer has contracted mobile internet, with which he/she tends to be more satisfied by 0.52 9 (4.03) points. Spaniards tend to be less satisfied than foreign nationals by -0.29 (-3.37) points and males tend to be less satisfied than females by -0.13 (-2.49) points.
The next block of explanatory variables in the model of overall satisfaction, M1, is related to the various complaints that a customer may have filed in the last 12 months.
The variables are dummies that take the value of 1 if at least one specific complaint has been filed and 0 if otherwise.
We can see that the overall satisfaction is significantly and negatively affected by coverage problems -0.50 (-6.91) 4 We also use a constant together with 16 dummies to control for heterogeneity across autonomous communities. We then show the number of individual dummies that we used in each model to treat the outliers (with residuals larger than 3 standard errors).
, incorrect billing -0.40 (-2.63), incorrect billing for services not used -0.37 (-2.34), and difficulty in obtaining the required information -0.72 (-5.37). We observe that each of the estimates indicates large effect on overall satisfaction of the complaints by the customers.
At the bottom of the column we show the number of observations, 3,311[A1], the coefficient of determination, 0.262, the F test of joint significance, 101.38 which is highly significant, followed by a significant White test of heteroskedasticity. We consistently estimate the variance covariance matrix of the estimated coefficients using the Eicker-White (White (1980) ) estimator.
3.b.2. Models M2-M10. Satisfaction with specific items.
Models M2 to M10 are specified and estimated using similar techniques to those of model M1. In the rest of Table 3 , rows 3 to 7, the differences between the operators are interpreted as follows:
1. The difference in satisfaction with respect to cost (M2) is significant for all carriers. All the differences are negative and significant, with the largest one for
Movistar with respect to Yoigo, which is -2.06 (-8.39) points.
2. The differences in satisfaction with respect to communications quality (M3) are small and insignificant. 10 3. The differences (with respect to Yoigo) in satisfaction with customer care (M4) are negative and significant for the three major carriers, with the largest one pertaining to Movistar with an estimate of -0.88 (-4.28) points.
4. The differences (with respect to Yoigo) in satisfaction with respect to clarity bill (M5) are negative and significant for the major carriers, being the largest one for
Movistar with an estimate of -0.94 (-3.59) points.
5. The differences (with respect to Yoigo) in satisfaction due to rates (M6) are negative, the largest being Movistar with an estimate of -1.41 (-6.01) points.
6. The pattern of the differences in satisfaction due to coverage (M7) changes significantly with respect to the previous ones. The only negative differences are those of Orange with -0.52 (-2.14) points below Yoigo. On the other hand, the satisfaction with the coverage of Movistar has a positive, although insignificant value.
When it comes to the issue of easily finding rates and offers (M8), all major
carriers have negative and significant differences with Yoigo, the largest being for Movistar with -0.89 (-3.94) points.
The difference in satisfaction with respect to easily acquiring new handsets (M9)
is also negative for all carriers, the largest and most significant being for
Movistar with an estimate of -0.75 (-1.97).
9. The satisfaction with respect to complementary services (M10) also shows insignificant differences between carriers.
Summarizing, if we control for the effect of other relevant variables, Movistar is the carrier that gives less satisfaction to its customers, except possibly in communications quality, coverage, and complementary services. This agrees with the simple averages of satisfactions shown in Figure 6 .
[ Figure 6 goes here]
The next least satisfying carriers are Vodafone and Orange, which come very close in most aspects of consumer satisfaction, except for Orange's significantly worse coverage.
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We have also performed similar estimations controlling for the 50 different provinces instead of the 17 Autonomous Communities. They are available from the authors upon request. We observe very similar coefficients to those in Table 3 . We test the hypothesis that the coefficients are equal against the alternative that they are different. F tests of homogeneity of coefficients do not reject the null hypothesis of equality of coefficients at the 0.05 level of significance. We therefore base our inference on Table 3 , which controls for Autonomous Communities, includes fewer parameters, and allows for more efficient estimation than the models that include dummies for the 50 provinces.
Satisfaction with specific aspects of mobile telephony and customer complaints.
Next let's consider in Table 3 the block of variables related to the complaints filed by individual customers. We now focus on columns M2 to M10 and on the rows corresponding to the 7 variables: delay in establishing the service, coverage problems, incorrect billing, incorrect billing for services not used, breach of contract or commercial offer, difficulty in cancelling the service, and difficulty in obtaining the required information.
The general conclusions that can be drawn from the estimation of the rest of Table 3 can be summarized as follows:
1. With respect to satisfaction with cost, the relevant variables are: having filed at least one complaint for coverage problems -0.45 (-4.77) , difficulty in terminating the service -0.69 (-2.61), and difficulty in obtaining the required information -0.78 (-4.64) . Note that the estimates of the coefficients are large when measured on a scale of 1 to 10, and also in relation to the average satisfaction with respect to cost, which is 5.62.
2. With respect to satisfaction with communications quality, all the estimated coefficients of the complaints are negative, as expected, they have relatively high coefficients and the most significant ones are: delay in establishment of service -0.53 (-2.09), coverage problems -0.98 (-13.33) , and difficulty in obtaining the required information -0.34 (-2.48). All of them are large and significant.
3. In a more general view of Table 3 , we observe that coverage problems are always relevant and have negative effects on all measures of satisfaction.
The next most important source of dissatisfaction is the difficulty in obtaining
the required information, which is significant in all but one of the models.
5. Next comes the breach of contract or commercial offer, which has a negative and significant effect on four measures of satisfaction.
Conclusions
The focus of this paper is to analyze customer satisfaction among private individual consumers of mobile telecommunications in Spain and the factors associated with it.
We use data on 4,953 individual consumers from the survey: "Satisfacción de Usuarios The main conclusions are as follows:
• We find that each component of overall satisfaction has a positive and significant effect, and the most important items are, in this order, customer care, communications quality and complementary services, followed by adequacy of rates, cost, easily acquire new handsets, bill clarity and coverage, while the least important is easily finding rates and offers which is insignificant. Then, service providers should consider the importance that consumers attach to after sles care and make a special effort to invest in that area.
• Next, we model the determinants of overall satisfaction. After controlling for all the explanatory variables, our results indicate that customers are less satisfied with larger well established carriers, like Movistar and Vodafone, and more satisfied with smaller and newer operators.
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• When considering satisfaction with other attributes, we find that Movistar is the carrier that gives less satisfaction to its customers, except in communications quality, coverage, and complementary services.
• Spaniards tend to be less satisfied than foreign nationals and males tend to be less satisfied than females.
• We also find that overall satisfaction is significantly and negatively affected by complaints about coverage problems, incorrect billing, incorrect billing for services not used, and difficulty in obtaining the required information.
• With respect to satisfaction with cost, the relevant variables are: having filed at least one complaint for coverage problems, difficulty in terminating the service, and difficulty in obtaining the required information. Note that the estimates of the coefficients are large when measured on a scale from 1 to 10.
• With respect to satisfaction with communications quality, as expected, all the estimated coefficients of the complaints are negative. They have relatively large coefficients and the most significant ones are: delay in establishment of service, coverage problems, and difficulty in obtaining the required information.
• In general, we observe that complaints about coverage problems are always relevant and have a negative effect on all measures of satisfaction.
• The next most important source of dissatisfaction is the difficulty in obtaining the required information, which is significant in all but one of the models.
• The breach of contract or commercial offer, appears to have a negative and significant effect on four measures of satisfaction.
Summarizing, we have found significant and sizeable effects of many different variables on satisfaction, suggesting that if they could be manipulated by the operators and/or the regulators they could substantially enhance consumer satisfaction.
It's likely that the reason why some carriers have been steadily losing market share is because of unsatisfied customers and not just because of competition. Operators should look at their own performance and customer satisfaction and try to work on the variables that influence satisfaction and lie within their control.
14 If we focus on point 4 of these conclusions we realize that a successful effort to reduce complaints about billing and difficulty for obtaining the required information can result in a substantial improvement in satisfaction of up to 1.5 points. This is probably a cost effective policy by operators Notes: Using heteroskedasticity consistent covariance matrix estimator (Eicker-White) 
